developed.
Expressions for channelling radiation frequencies, polarization angles, and the number of emitted photons as functions of quanta angles, particle energy, amplitude of oscillations, and divergence in a plane parallel to the trapping crystal planes for any given harmonic number are found.
The problem is treated in the classical approximation. The length of one "oscillation" of the relativistic channelled particle, as we shall show, is much longer than any lattice periods.
Consequently, the force exerted on the channelled particle can be derived from a time independent one-dimensional potential V(x) (for the "oscillations" occurring in the x-z plane) which is the planar average (over y and z) of the true electrostatic potential V(x,y,z) within the lattice. We choose further for convenience V(O)= 0.
The equations of motion in this case:
give immediately py = constant, p, = constant. After neglecting terms of the order of magnitude (V/E) 3/2 , the first integral of equation (2.3) 6) where x m is the value of x at the point $,= 0. xm is the maximum excursion of the particle from the plane x= 0 and we call this quantity the "amplitude" of (nonlinear) oscillations.
-5-From Equation (2.4) we get B = py(c/E)(l+ (V/E)) or, since B is y Y small, approximately const.
( 2.7) with the same accuracy (y = E/mc2)
where brackets <> mean taking the average over time.
To make the formulae less cumbersome we use the following abbreviations here and for the rest of the paper:
It is easy to verify that the full energy of the particle
is constant with accuracy V2/~2 for B,, $x and 8, from (2.6-2.9).
From (2.6-2.9) we find the following solution for the particle trajectory:
where z o9 y. and to are the initial arbitrary constants. 
Here 2 is the wave vector of radiation, R is the distance to the observation point, If(t) and s(t) are the relative velocity and radius vector of the particle with a charge e at time t. Calling (3 the azimuthal angle of the radiation direction with the z axis and cp the polar angle between its projection on the x-y plane and the x axis, the vector "K has the following components:
Now we substitute J(t) and :(t) f rom (2.6-2.9) and (2.11-2.13) into (3.1);
i:R 00 Here we denote To evaluate 2 k we change the integration over t in (3.5) to integration over x:
(3.14)
The following notation is used in these formulae:
The expression for akz is the same as for a kY with the change of 6 to Y We neglect here all the terms proportional to the small factor 1 I y2.
In expression (3.23) the following notation is used: Since the maximum value of xm for a channeling particle is of the order of the distance between crystal planes, we see that the wave length of particle oscillations is much longer than the characteristic spatial periods of the crystal itself.
Formulae ( In Figure 1 we present the functions V:(u) V. and V;(u) V. for I I p=5 (that corresponds to summing over eleven nearest crystal planes). and 3 (6.4) with the same constants as in (6.1) and (6.2).
In Figure In Figure 7 we also present comparison of the spectra for two choices of continuum It is interesting to note that the angular spectra for the directions near the x-z plane (cp= 0 and cp= TI) go to zero at the values of 0 defined by equation Fk(B,9, cp>= 0 (cf*, (3.24)}.
VIII. Conclusion
The method of calculating the frequency and angular spectra of channelling radiation developed here gives us the possibility of finding all the characteristics of the phenomenon for any single particle and quanta parameters. These results can further be used to obtain spectra averaged over the particle distribution in transverse phase space of a beam for any given geometry of experiment. 2.0 3678A20
